Four treatments in which fynbos and renosterveld species were employed as cover crops, and two treatments in which exotic species were used as cover crops, were applied. A treatment in which indigenous annuals and an exotic annual was sown as a mixture, and a control in which no cover crop was established, were also included in the trial. These eight treatments were applied for four consecutive years on a sandy soil 
INTRODUCTION
Approximately 90% of South African wines are produced within the boundaries of one of the most biologically diverse regions on earth, namely the Greater Cape Floristic Region (GCFR) (Goldblatt & Manning, 2012) . The GCFR is recognised internationally as a global biodiversity hotspot and listed as a world heritage site. The Core Cape Subregion of the GCFR encompasses four biomes (ecoregions), of which fynbos and renosterveld are the two most prominent ones (Goldblatt & Manning, 2012) . The expansion of urban and agricultural areas has reduced the available natural habitat of the fynbos and renosterveld. It therefore is important to determine whether fynbos and renosterveld species can be employed as cover crops in the grapevine inter-row in order to expand the range of these species. This may also serve as a unique selling point for South African wines on the overseas and local markets. However, the ability of these species to become established in the vineyard environment and compete with the exotic weeds present in vineyards is not known.
The aim of the study was to determine the performance and weed-suppressing ability of selected fynbos and renosterveld species when used as cover crops in vineyards established on sandy and sandy loam soils in the Stellenbosch district of the Coastal wine grape region of South Africa.
MATERIALS AND METHODS

Experimental vineyard and layout
The trial was conducted for four consecutive seasons (2006/07 to 2009/10) o 52'E). Both farms are situated in the Stellenbosch district. Mean annual rainfall at Boschendal over the four years of the trial was 1 543 mm, of which 64% fell during autumn and winter (March to August). At Nietvoorbij the annual rainfall averaged 880 mm, of which 71% fell during autumn and winter. The Sauvignon blanc vines were spaced 1.2 m in the row and 2.75 m between rows, and trained onto a Perold trellis system (Booysen et al., 1992) , while the Cabernet Sauvignon vines were spaced 1.5 m in the row and 2.75 m between rows and trained onto a double lengthened Perold trellis system (Booysen et al., 1992) . Eight treatments (Table 2) were replicated three times in a fully randomised block design at both experimental sites. Individual plots (replications) covered an area of 81 m 2 and were separated by two border grapevine rows and five border grapevines within rows.
Seedbed preparation was done to a depth of about 150 mm with a disc harrow (two pass-overs in opposite directions) in early March. The cover crops were sown annually during April (seeding dates varying between 4 and 24 April). After being sown by hand, the seeds were covered using a rotary harrow. The mechanical cultivations during seedbed preparation and the covering of the seeds were sufficient to eliminate the existing weeds. The N-fixing cover crops were inoculated with the appropriate Rhizobium leguminosarum strains just before being sown. From the 2008/09 season onwards, the fynbos and renosterveld seeds were soaked in a germination stimulant (Cape seed primer®) for 24 hours. Depending on the rainfall, irrigation was applied weekly from April to May and fortnightly from June to August by means of 25 L/h micro-sprinklers with a 360º wetting pattern that covered the whole surface, according to the guidelines supplied by Fourie et al. (2001) . From September to March, the vineyards were irrigated according to the irrigation strategies of the farms on which the trial sites were situated. According to the norms proposed by Conradie (1994) , sufficient amounts of P and K to sustain grapevine growth were available in the sandy soil and the sandy loam soil respectively (Table 1 ). All the cover crops received 28 kg/ha N at the two-to six-leaf stages of the grass cover crops, while only the sandy soil received 30 kg/ha K. The sandy loam soil received 15 kg/ha P just before seedbed preparation to encourage cover crop growth, while no P was applied on the sandy soil, in which the levels (Table 1) already exceeded the norm (Conradie, 1994) . Post-emergence weed control in the vine row was achieved with glyphosate at a rate of 1.44 kg/ha (active ingredient). From the 2008/09 season onwards, a selective post-emergence herbicide that controls annual and perennial grasses, namely fluasifop-p-butyl, was applied at a rate of 0.63 kg/ha (active ingredient) during early June in the treatments in which the fynbos and renosterveld species were sown as cover crops (T3, T5, T6 and T7). This was done to reduce the competition between these species and the winter-growing grass weeds.
Indigenous species employed as cover crops
The indigenous species established as cover crops in the different treatments are listed in Tables 3 to 7. These species were selected mainly for their decumbent growth habit and soft seed coats. The seeds were not commercially available and were gathered in the veld during the previous spring (September/October). Therefore, availability also played an important role in the choice of species. As a result, the spectrum of species that qualified on the basis of the abovementioned criteria varied between years. Seed availability limited the seeding density in 2006/07 to between 10 and 15 seeds/m 2 , after which it was increased tenfold in (Tables 3 to 7) . From the 2008/09 season onwards, a seeding density of 300 seeds/m 2 was maintained, which corresponded to the densities employed for commercial cover crops.
Measurements
Soil chemical analyses
Soil samples were taken from the 0 to 75 mm, 75 to 150 and 150 to 300 mm soil layers in all the plots (replications) at the start of the trial. The soil was sampled from three positions for each layer in approximately the middle of the work row.
The composite samples were analysed for pH (1.0 M KCl), electrical conductivity, P and K (Bray II), exchangeable K, Ca, Mg and Na, and organic carbon. The electrical conductivity (EC e ) was determined by saturating the soil samples with deionised water, filling a US Bureau of Soil Standards electrode cup with the saturated paste and measuring the EC e with a conductivity meter. The samples for the determination of P and K were prepared according to the Bray II method (The Non-affiliated Soil Analysis Work Committee, 1990) , while the exchangeable cations were extracted with a 1M ammonium acetate solution. These samples were analysed with an ICP-OES spectrometer (PerkinElmer Optima 7300 DV, Waltham, Massachusetts, USA). The organic C content was determined by the Walkley-Black method (Walkley & Black, 1934) . The average values of the three layers are presented in Table 1 .
Soil physical analyses
Soil samples were taken from the 0 to 300 mm soil layer of the sandy and sandy loam soils in March 2007, during the second season of the trial. For each soil type, the soil samples were taken at two randomly selected plots in each of the three blocks in which the treatments were replicated. In each plot This indigenous broadleaf annual replaced the succulents that failed to establish themselves successfully for three consecutive years, in order to determine the potential of the broadleaf annual to be employed as a monoculture. the soils were sampled at three positions in the work row. The clay, silt and sand fractions of the three composite samples (each consisting of the soil from three positions x two plots) were determined according to the hydrometer method (Van der Watt, 1966) . The average values are presented in Table 1 . Soil texture was classified according to a texture chart (Soil Classification Working Group, 1991) .
Cover crop and weed dry matter production Dry matter production (DMP) by both the cover crops and the associated weeds was determined just before grapevine bud break (end of August), when the grapevine berries reached pea size (end of November) and just before harvest (end of January), according to the procedure described by Fourie et al. (2001) .
Statistical procedures
The experiment was a complete randomised block design with eight treatments replicated three times. The experiment was repeated for four consecutive seasons (years). DMP was measured randomly within each experimental plot at the end of August. The data were tested for normality (Shapiro & Wilk, 1965) , found to be acceptably normally distributed, and subjected to analysis of variance. Analyses of variance were performed for each season separately, using SAS (SAS, 1990 (Table 8 ) and similar to that reported by Fourie et al. (2006) . The weed stand in T1 was 69% less than that of the control, which indicated that the oats tended to suppress the winter-growing weeds (Table 9 ). The DMP of the Ornithopus sativus L. cv. Emena (pink Seradella)/indigenous broadleaf annuals mixture (T4a) was higher than that of T3, suggesting that pink Seradella was the major contributor to the dry matter produced in T4a (Table 8 ). The weed stand in T4a was 34% less than that of the control (T8), indicating that this broadleaf cover crop mixture had the potential to suppress the winter-growing weeds as well. The exotic perennial grass Festuca arundinacae L. cv. Cochise (dwarf fescue) established in T2 produced less than a ton of dry matter per hectare (Table 8) , which is below 50% of that reported for the same species established on a sandy clay loam soil in the Breede River Valley (Fourie, 2010) . This perennial grass did not compete with the winter-growing weeds (Table 9) .
Oats (T1) and the Medicago truncatula Gaertn. cv.
Paraggio (burr medic)/indigenous broadleaf annuals mixture (T4b) were the only cover crops that became established on the sandy loam soil (Table 10 ). The DMP in these two treatments was similar to that produced on the sandy soil (Table 8) and that reported by Fourie et al. (2006) . The weed dry matter in T1 and T4b was 69% and 57% less than that of the control respectively (Table 11 ). This reduction in the weed dry matter indicated that these cover crops competed with the winter-growing weeds. The dry matter produced in T4b was attributed mainly to burr medic, which was similar to the trend observed for pink Seradella in T4a.
The overall poor performance of the indigenous species was attributed to, inter alia, a low seeding density (10 seeds/m 2 ) and the prolific weed growth at both sites ( Tables  9 and 11 ). The winter-growing weed spectrum was evaluated visually. It was observed that the Lolium species and 
2007/08 season
The indigenous cover crops established themselves on the sandy soil, except for those in T5 (Table 8) . However, the indigenous species in T3, T6 and T7 still did not produce significant amounts of dry matter (Table 8 ). This was again attributed to the prolific weed growth (Table 9 ), which appears to be characteristic of the region (Fourie et al., 2006) . Although the seeding density for the indigenous species compared favourably with that of Vicia dasycarpa, a species currently used commercially as a cover crop (Fourie, unpublished data) , the percentage viability of the field-harvested seeds may have been lower. Despite the fact that the oats (T1) produced approximately 45% less dry matter than in the previous season (Table 8) , the stand of winter-growing weeds was less (39%) than that of the control (Table 9 ). The improved cover crop growth observed in T4a (Table 8 ) resulted in the weed dry matter being less (65%) than that of the control ( Table 9) . As in the case of the 2006/07 season, the cover crop dry matter produced in T4a was attributed mainly to pink Seradella. On the sandy loam soil the weeds grew less prolifically than in the previous season (Table 11 ). This probably allowed the dwarf fescue to establish itself successfully in T2 (Table 10 ). The dry matter produced by this species was similar to the amounts reported by Fourie (2010) for a sandy clay loam soil in the Breede River Valley. The oats (T1) produced 58% more dry matter than in the previous season (Table 10) , which resulted in the winter-growing weeds being suppressed substantially (73%) compared to the control. In contrast to the 2006/07 season, the burr medic/indigenous broadleaf annuals mixture (T4b) failed to become established. The reason for this is not clear.
Over and above the competition from winter-growing weeds and the seeding density still being too low (100 seeds per m 2 compared to between 120 and 667 seeds per m 2 employed for commercial cover crops), factors such as varying seed quality of the field-harvested seeds, predation by seed-eating fauna and a lack of sufficient external stimuli for the seeds to germinate (seeds of fynbos and renosterveld species need smoke as a chemical stimulant) could also have had a negative impact on the performance of the indigenous species.
2008/09 season
Similarly to the 2007/08 season, the indigenous cover crops did not become established successfully, with the amounts of dry matter produced in T5, T6 and T7 still being insignificant (Table 8 ). The DMP of T3 increased from 0.35 t/ha in the 2007/08 season to 1.43 t/ha in the 2008/09 season. This was attributed, inter alia, to the increased seeding density and the application of a post-emergence herbicide that selectively controlled the annual and perennial grasses in early June, reducing competition from the winter-growing weeds (Table 9 ). In contrast to the 2007/08 season, the dwarf fescue (T2) performed poorly (Table 8 ). The cover crops in T1 and T4a produced acceptable amounts of dry matter (Table 8) . Although the weed stand in T1 and T4a did not differ significantly from that of the control (T8), the wintergrowing weeds were reduced effectively (less than 20% of that in the control) ( Table 9) .
Despite an increase in seeding density, chemical control of the winter-growing grass weeds and treatment of the seeds with a germination stimulant, the indigenous species in T3, T5 and T7 did not establish themselves successfully on the medium-textured soil (Table 10 ). The mixture of succulents in T6 failed to become established for the third consecutive year. Although the indigenous broadleaf annuals (T3) did produce more than half a ton of dry matter per hectare, it was less than half of the dry matter produced by the local weeds. The oats (T1) produced an acceptable amount of dry matter, thus controlling the winter-growing weeds effectively, albeit not significantly (Table 11) . Although the cover crops in T4b produced less than one ton per hectare of dry matter (Table 10) , the winter-growing weeds were reduced by 79% compared to the control (T8).
It was observed that the dominant species in the mixture of indigenous broadleaf annuals was Dimorphotheca pluvialis (L.) Moench. This species therefore was established as a monoculture in T6 during the 2009/10 season, replacing the indigenous succulents as cover crop.
2009/10 season
As in the 2008/09 season, the perennial indigenous species did not establish themselves successfully on the sandy and sandy loam soils (Tables 8 and 10 ). None of the indigenous mixtures or monocultures produced acceptable levels of dry matter to be considered for cover crop management. This finding supports the results of the previous season. On the sandy soil, the weed dry matter observed in T3 and T6 were lower than that of the control (Table 9 ). This was attributed to the winter-growing grass weeds being controlled in these treatments in early June. Effective weed control on the sandy soil in T1 and T4a confirmed the trends observed during the previous season (Table 9 ). Dwarf fescue (T2) produced approximately one ton of dry matter per hectare (Table 8) , which resulted in the winter-growing weeds being reduced effectively (less than 20% of that in the control) on the sandy soil. This species produced a similar amount of dry matter on the sandy loam soil, which tended to suppress the wintergrowing weeds effectively as well.
Control of summer-growing weeds
Due to the poor performance of the indigenous cover crop species throughout the study, no significant trends were observed in the data sampled at the end of November and at the end of January (data not shown).
